and ϪKTS variants appear to be expressed at constant
Figure 1. Different Properties of ϪKTS and ϩKTS WT1 Isoforms
a Relative RNA and DNA binding affinities depend on the particular sequence being investigated though this reflects the overall trend. This is a selective list chosen to reflect the main thrust of the review and is not meant to be comprehensive. ratios throughout all these tissues and at various stages compelling candidate WT1 (ϪKTS) target in light of the new studies is Sry, the testis determining factor (Hossain of development.
and Saunders, 2001). WT1 (ϩKTS) variants on the other The Different Properties of WT1 Proteins
hand were unable to induce the expression of any of Containing or Lacking the KTS Insert these genes or to transactivate their promoters. FurtherTo appreciate the new findings, we must consider them more, induction of ϩKTS variants in human SAOS cells in the light of previous genetic, biochemical and cellular had no detectable influence on the levels of any mRNAs evidence supporting distinct roles for these two classes examined using a microarray containing 8,000 genes of WT1. Prior to this new study, the most compelling (Lee et al., 1999 (ϪKTS) forms, respectively. The latter mice (Frasier in a predictable reduction in the ratio of WT1 (ϩKTS) to mice) were created by mimicking a mutation found in WT1 (ϪKTS) variants. The inescapable conclusion from humans with Frasier syndrome. The first surprise, given the human studies is that the two isoform classes are the differences discussed above, is that both sets of likely to have some nonoverlapping functions. mice were much less severely affected than homozyInitially, it was assumed that WT1 functions only as a gous null animals. Hence in both cases the homozygotes transcription factor. However, a body of evidence has survived through to birth so we can conclude that the accumulated to support an additional role in RNA proheart develops normally-or at least to a degree that is cessing (Little et al., 1999; Davies et al., 1998). Figure 1 compatible with perinatal survival. Second, unlike the summarizes some different properties of ϩKTS and null animals, nephrogenic induction seemed to initiate ϪKTS variant proteins. Taken together the evidence normally and almost complete nephrons were prosupports a role for ϪKTS proteins in transcription and duced. Furthermore, the adrenal glands and spleen were ϩKTS proteins in RNA processing.
normal. So in all these respects, heart development, While much effort has been expended on pursuing a early nephrogenesis, spleen, and adrenal development, transcriptional repressor function for WT1, it now seems WT1 (ϩKTS) and WT1 (ϪKTS) seem to perform identical that transcriptional activation is much more likely to be functions. It is only at the later stages of genitourinary physiologically relevant (English and Licht, 1999). ϪKTS development that the differences between the two sets isoforms have been shown to activate a number of enof mice become obvious. dogenous genes in cell culture as well as to transactivate Together the knockouts now provide concrete evithe promoters of these genes. These include the Bcl2 dence that WT1 is required for the formation and strucgene that plays a pivotal role in inhibiting apoptosis; tural integrity of the podocyte cells of the glomerulus.
WT1 (ϪKTS) simultaneously induces Bcl2 expression
In each case severe impairment of kidney function led and cell survival in the human rhabdoid cell line G401 to death soon after birth. ). It will be interesting to determine isoforms appear to function identically through the early whether any of these genes are targets of WT1, particustages of nephrogenesis and in heart, adrenal, and larly the ϩKTS variants. Heterozygous Frasier mice despleen development. If the main function is at the tranvelop variable nephropathy including focal segmental scriptional level, it is difficult to equate this with any of glomerular sclerosis as seen in the human syndrome the known candidate target genes. As yet, ϩKTS probut also more severe diffuse mesangial sclerosis charteins have not been shown to activate any genes tranacteristic of DDS. These mouse models will be invaluscriptionally, including those regulated by the ϪKTS able for dissecting the cellular and molecular mechaforms. Perhaps this means that the relevant physiologinisms underlying these syndromes. 
